. Spectra obtained from global (target) analysis of experimental (left column) and simulated data (right column). Simulations are based on the model depicted in Fig. 1 of the main manuscript. The insets show the employed deactivation schemes and retrieved time constants. Blanked out spectral regions in experimental analysis results were removed due to pump scattering contributions.
The next tested scheme is branching or isomerization on S 1 with a deactivation network depicted in Fig. S1(b) and (e). We emphasize that no such channel is part of our theoretical model. The point of testing this scheme on the simulated data is to assess whether or not GTA is a suitable tool to determine the appropriateness of specific target models for Zea15. The model in Fig. S1 (b) and (e) produces lifetimes and species associated spectra (SAS) for S 2 , hot S 1 and S 1 that are both reasonable and similar to experimental results when the same model is applied (see Fig. S1 (b) and (e)). The scheme shown in Fig. S1 (e) hence yields trustworthy GTA results when applied on simulated data, meaning that the inappropriateness of the scheme is not revealed. Branching on S 2 , however, as shown in Fig. S1(f) is ruled out more easily, given the opposing amplitudes of the hot S 1 and S 1 spectra between 17.000 and 18.000 cm -1 , shown as green and orange lines in Fig. S1 (f). The negative signal for S 1 , which can only be related to stimulated emission or ground state bleach pathways, is another reason to deem this scheme unfit for the simulated data set. For the sake of completeness, we include the concentration profiles for all tested deactivation schemes in Fig. S2 . 
Model Hamiltonian
To describe the excitation dynamics in carotenoids we consider three electronic states, | 0 ⟩, | 1 ⟩, | 2 ⟩, coupled to two harmonic vibrational modes, α and β (we call this our system). The coordinates of the vibrational modes are in turn coupled to the environment, termed the bath, which is represented by a collection of harmonic oscillators. The coupling results in the vibrational energy relaxation. The bath also couples directly to the electronic sub-system via so-called off-diagonal elements, which induces the fluctuating coupling between the electronic states. Such coupling causes the internal conversion, i.e., excitation energy relaxation between the electronic states. The described setup is summarized by the following Hamiltonian: main difference between the current and previous treatments is in the initial evolution. Currently, the initial condition reads:
where ( , ∆ ) is the pumping function, representing the temporal envelope of the pump-pulse of width ∆ . In the current treatment we do not need any phenomenological decay terms because the ground state is recovered by means of internal conversion from | 1 ⟩ and subsequent vibrational relaxation as governed by the given Hamiltonian.
Model parameters for Zea15 , respectively.
The reorganization energies for the spectral densities for the vibrational relaxation within S 0 and S 1 state-manifolds were λ intra,0 = 32 cm -1 and λ intra,1 = 220 cm -1 , accordingly. The reorganization energies for the internal conversion between S 2 -S 1 and between S 1 -S 0 were λ inter,21 = 1200 cm -1 and λ inter,10 = 500 cm -1 , accordingly. The relaxation time-scale in all spectral densities was τ = 163 fs.
Stokes shift for the emission from the S 2 state was determined to be 100 cm -1 . For the ESA from S 1 an ultra-fast time-dependent Stokes shift was used to best reproduce the experimental results: a blue-shift of 150 cm -1 in 150 fs is included. The dipole-moment ratio for the S 0 absorption / ESA from S 1 was found equal to 1.12.
